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Foreword

This report was prepared by the Cornell Aeronautical Laboratory,
Inc., Buffalo, New York, under USAF Contract No. AF 33(616)-2342.
The contract was initiated under Project No. 7360, "Materials Analysis
and Evaluation Techniques", Task No. 73605 "Design Data for Metals",
formerly RDO No. 614-13 "Design and Evaluation Data for Structural
Metals"I, and was administered under the direction of the Materials
Laboratory, Directorate of Research, Wright Air Development Center,
with Mr. W. H. Rector acting as project engineer.

This report covers work conducted from January 15, 1954 to March
15, 1955.
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ABSTRACT

Fifteen heats of titanium alloy R1-130-A (C3.O-1) have been
sampled and tested at room and elevated temperatures. These data
are analysed for reproducibility and relationships between the room
temperature and high temperature properties at 500°F and 7000 F.
The results indicate that a correlation exists between the room
temperature strength properties and the yield and ultimate strengths
at 500 and 7000F. However, the creep and rupture properties appear
to be independent of the short time tensile strength results even
at 7000F, uhich was the temperature used for creep testing.

PUBLICATION REVIEW

THIS REPORT HAS BEEN REVEWED AND IS APPROVED.

FOR THE COMNMDER

MR.WHITMORE
Technical Director
Materials Laboratory
Directorate of Research
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INTRODT TICK

At the high operating speeds of supersonic aircraft, aerodynamic
heating becomes a significant factor which must be dealt with from
the structural design standpoint. In this respect, titanium and its
alloys appear to have potential value because of their combination of
light weight with high-temperature strength.

Because titanium alloys have been supplied commercially for only
the past few years, limited information exists concerning their load-
carrying ability at elevated temperatures. While such data may be
determined for individual lots of material, the question arises as to
the scatter of results that might be expected from heat to heat of
titanium alloys of the same nominal composition. It would be convenient
to be able to appraise the high-temperature strength of each heat of a
titanium alloy from the room temperature tensile properties normally
provided with each batch of material by the producer.

This report summarizes the work done on a Wright Air Development
Center contract which had for its objective the correlation of the
mechanical properties of the structural titanium alloy C-110M (RC-130-A)
at room and elevated temperatures. The purpose of this comparison was
to establish whether or not the room-temperature mechanical properties
could be used as a basis for predicting the high-temperature mechanical
propertie s.

The work program included tensile tests conducted at both room and
elevated temperatures and creep and rupture tests at 7000 F. The results
have been tabulated and examined for consistence and relationships
between the various mechanical properties.

WADe TR 55-16 1



TEST PROGRAM

Random samples were taken from fifteen production heats of varying
thicknesses of the RC-130-A (CUO-M) titanium alloy. The samples were
supplied by Rem-Cru Titanium, Inc. from their regular production in the
form of 24" x 48" sheets in thicknesses between 0.025 inch and 0.100 inch.
Tensile tests were made in both thR longitudinal and transverse directions
at room temperature, 500°F and 700-F. Creep and rapture tests were made
in one direction only. This direction was chosen on the basis of the
weaker direction as determined by the yield strength of the room tempera-
ture tensile tests. The creep-rupture tests were all conducted at 700 F
to give creep, total deformation, and rupture values from 1 to 100 hours.

TEST PROCEDURES

The room-temperature tensile tests were conducted on a 60,000 lb.
Southwark-Emery hydraulic tensile testing machine at a strain rate of
0.5% per minute. Elevated-temperature tensile tests were conducted on
the same equipment ty surrounding the specimen with an electric
resistance furnace. Three thermocouples were attached, one each, to
the top, middle, and bottom of the 2-inch gage length. Temperature
distribution over the gage length was held to within - 30F at the start
of each test and maintained as long as practicable during the test.
Strain was measured by, clamping extensometer arms to each end of the
gage length. These arj extended out of the furnace and engaged a
cantilever strain gage * The output of the strain gage was fed into
an SR-4 strain indicator and an Esterline Angus recorder with a fixed-
speed chart drive. Sensitivity of the system was eqxal to 0.00090 units
of strain per readable recorder division. A predetermined slope of the
recorded time vs. deformation line was maintained by manually adjusting
the controls on the tensile machine. The strain rate was maintained
constant throughout the full duration of the test.

Creep tests were conducted in lever type creep test machines.
Temperature control was the same as in the high-temperature tensile
tests. Strain was also measured using the same type cantilever strain
gage, the output of 'which was recorded on a Foxboro strain recorder.
Sensitivity of the system was 0.000070 units of strain per recorder
division with a long-tine accuracy of 0.00070.

(I) SlaRtleri, G and Miller, J. Strain gage for testing sheet metal
at high temperature Metal Progress 54, No. 5, (November 1948)
p. 692-694
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TEST RESULTS AND DISCUSSION

Tensile tests were made on fifteen heats of material in both the
longitudinal and transverse directions as related to the direction of
rolling. Two sheets taken from different locations in the ingot were
tested for two of the heats that were sampled. One of these heats was
in stock at Cornell Aeronautical Laboratory, Inc. at the time the project
was started. Tensile tests wene made on both sheets of material at room
temperature and 5000F to indicate possible variations in the properties
of the two sheets. From the data in Table I, a difference in strength
is evident. The room-temperature difference in strength carries over to
the 500OF tests, and the spread increases somewhat at the higher temper-
atures. Due to a shortage of material from sheet 1 of this heat, creep
tests and 700OF tensile tests were made only on sheet 2. Two of the
sample sheets received from Rem-Cxu Titanium, Inc. were also from dif-
ferent locations in the same ingot. The room temperature and 5000F
tensile test data for these two sheets of material are given in Table II.
A comparison of the data in Tables I and II shows that the heat which
was received more recently (Rem-Cru Heat No. A 30649) has less spread
in the tensile properties. There was a lapse of about 1-1/2 years
between the production of the two heats. Although the two heats by
themselves are by no me ans a representative sample of production at
the two different periods, one might infer an indication of improved
production practice.

The room-temperature tensile test data for all of the heats tested
are summarized in Table III. The tensile test data for 500OF and 700OF
are given in Tables IV and V. In order to make camparison of the data
easier, the tensile strengths, yield strengths, and elongation values for
room temperature, 500OF and 7OF are retabulated separately. The yield
strengths are given in Table VI, ultimate tensile strengths in Table VII,
and elongation values in Table VIII.

An examinatifn of the yield strength values given in Table VI
shows some definite trends:

(1) The yield strength at room temperature is almays higher in
the transverse direction.

(2) At 500OF and 7000F, the spread between the longitudinal and
transverse yield strengths decreases with increase in sheet thickness,.
and in a few cases, the longitudinal strength is greater than the
transverse.

(3) There is an apparent trend of increasing yield strength with
thickness, but this will be shown to be only minor.

( The ultimate strength values given in Table VII follow the same
trends as the yield strengths. The elongation results contained in
Table VIII are not as consistent as the yield strength and ultimate
strength results. However, the following general trends are apparent:
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(1) The elongation tends to be greater in the longitudinal direction
at room temperature.

(2) The 500OF and 700°F tests show a decrease in the elongation
values which is undoubtedly associated with a precipitation reaction that
occurs in this temperature range for the RC-130-A alloy.

(3) The elongation values fbr both directions tend to equalize in
the elevated temperature tests.

Table II summarizes the test report data obtained at room temperature
by Rem-Cru Titanium, Inc. on the same heats of material. These results
are in general agreement with those obtained at Cornell Aeronautical
Laboratory, Inc.

The fifteen heats of material were creep-rapture tested at 700OF in
the longitudinal direction. This was the weakest direction as determined
by the tensile yield strength at room temperature. In addition, three
of the heats representing the thinnest sheet (0.025 inch), an intermediate
thickness, (0.064 inch), and the thickest sheet (0.100 inch) were tested
in the transverse direction. The total deformation aid creep-rupture
data for the above tests are given in Tables X through XXVII. These
data are also plotted as stress vs. time curves in Figures 1 through 19.

The stresses to produce given amounts of creep, total deformation
and rupture in 10 and 100 hours were taken from the curves in Figures 1
through 19. This information is tabulated in Tables XXIX, XXX, and XXXI,

Inspection of the tabulated data failed to reveal any definite trends
other than those enuerated regarding yield strength and tensile strength.

Plots of the frequency distribution of the tensile strengths at
room teamperature, yield strengths at room temperature, 5000F and 700OF
and 1% creep in 10 hours and 100 hours at 700?F were made as shown in
Figure 20. These plots show a tendency toward a normal statistical
grouping in all cases with the greatest deviations occurring in the
yield strength at 700°F. The spread in these latter data is even more
accentuated when one considers the difference between the highest and
lowest reading as a percentage of the highest reading. This amounts to
20% in the case of the room temperature ultimate strength, 29% for the
room temperature yield strength, 36% for the yield strength at 500F,
49% for the yield strength at 7000F, 41% for the 1.0% creep in 100 hours
and 21% for the 1.0% creep in 10 hours. It is also evident that those
heats that display the highest and lowest room-temperature tensile
strengths remain close to these positions in the tabulations of other
strength characteristics.

The data were compared on the basis of increasing manganese content
and individual and total carbon and nitrogen contents as reported in the
Rem-Cru test reports, Table IK, and no correlation could be found with
the mechanical properties. Neither could a correlation be found with
the bend values or elongation.
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The only basis for comparison that brought out any definite trends
was that of the yield strength at room temperature. In order to make
the comparisons more apparent and easily cross referenced, the data fbr
the various tests were plotted in the form of bar charts in Figure 21.
The room-temperature yield strength was plotted in the order of increasing
strength and all other charts in this figure were plotted with the C.A.L.
H.T. numbers in the same relative order It can ke readily seen that
the longitudinal yield strengths at 500'F and 700"F and the iongitudinal
ultimate tensile strengths at room temperature, 500OF and 700OF show the
same tendency toward increasing in the same order as the room-temperature
yield strength. The elongation values show no correlation with this
property. The transverse yield and ultimate strengths at room temperature,
500OF and 700OF also display a tendency toward increasing in the same
order as the room-temperature longitudinal yield strength. The latter
correlation with the transverse tensile strength properties is not as
pronounced as that with the longitudinal tensile strength properties, but
it exists. The transverse elongation values show no correlation with the
strength properties.

There is a tendency toward a slight inverse relationship between
the room-temperature longitudiRal yield strength and the stress to produce
1.0% creep in 100 hours at 700F. The stresses to produce 1.0% creep in
10 hours and that to produce rupture in 100 hours at 7000F appear to be
relatively independent of the room-temperature yield strength tendencies.

When the first few tests were run on this project, it was pointed
out in an interim report that the strength appeared to be related to the
thickness. This conclusion was arrived at due to the fact that the first
few heats tested included the thinnest and thickest material and several
intermediate thicknesses. A comparison of longitudinal yield and ultimate
tensile strengths at room temperature on the basis of increasing yield
strength and increasing thickness is shown in Figure 22. The thinnest
material has a relatively low strength, while the thickest material has
the highest strength. Except for these two thicknesses, and several of
the intermediate thicknesses, the correlation is not too good. When
the first and last heats are disregarded, the ultimate tensile strength
correlation with thickness is practically non-existent.

The stresses to produce 1% creep and rupture in 100 hours were
plotted against the longitudinal yield strengths for room temperature
and 700oF in Figure 23. The objective of these plots was to bring out
any possible correlations between the room-temperature and high-tempera-
ture properties. With the exception of a slight tendency toward an
inverse cormlation between the stress for 1% creep in 100 hours and
both the room temperature and 700oF yield strengths and a slight

tendency toward a direct correlation of the stress for rupture in 100
hours with the same values, the points fall in a random distribution.
These same tendencies are shown in Figure 21.
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CONCUJSIONS

The spread in zoom-temperature properties of the fifteen heats
that were tested is sufficiently great, in fact, some of the values
fall below specification minimums, to insure that the data cover the
typical spread encountered in production. The frequency distribution
appears to be fairly normal within this spread. These factors lend
weisit to the reliability of the conclusions drawn from the data and it
is felt that they are applicable to the titanium alloy C-IOM (RC-130-A)
that is presently being produced. The conclusions drawn from the data
may be summarized as follows:

(1) The fifteen heats of material showad a spread in proparties
typical of those encountered in production.

(2) The room-temperature yield str8 ngth showA a direct correlation
with the yield strengths obtained at 5OOW F and 700F. This holds true
for both the longitudinal and transverse directions.

(3) A correlation also exists between the yield and ultimate
strengths at room temperature, 500OF and 700 0F. The ultimate strengths
increase with increasing yield strength.

(4) The transverse yield and tensile strengths increase almost
directly with the longitudinal properties.

(5) The transverse room-temperature, 500°F and 700OF yield and
tensile strengths are higher than the longitudinal.

(6) The elongations do not appear to be related to strength in
either the transverse or longitudinal directions.

(7) The creep and rupture properties at 700OF do not appear to
bear any distinct relationship to the yield and tensile strengths at
any of the three tensile test temperatures.

(8) While it appears to be safe to estimate ahort-time high-
temperature properties based on those obtained at room temperature, it is
also evident that creep and rupture properties cannot be predicted on
t2his basis.
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TABlE XXXI

STRESSES TO PRODJCE RUPTUIRE IN 10 AND 100 HOURS AT 70DOF

Heat Sheet "0 100
Identification Thickness Hours Hours

CAL_ . ei.-C ru Ins. psi psi

341 A 30633-1 .025L* 95,000 74,000
341 A 30633-1 .025T 115,000 80,000
340 A 30635B-3 .035 95,000 84,000
342 A 30637T-13 .O41 1000000 83,000
376 A 43037-19 .041 87,000 85,000
353 A i013T-4 .042 95,0oo 74,ooo
373 A 41097-23 O42 76,O
375 A 30649-3 .O50 88,000
378 A 3o559-11 .050 95,000 79,000
354 A 32219-4 .051 95,000 88,000
355 A 30649B-1 .052 - 88,000
377 A 41064-12 .060 82,000
274-2 A 3723-29 .064 * 84,000 70,oo0
274-2 A 3723-29 .O64 T 100,000 77,000

374 A 31293-8 .065 101,000 90,000
356 A 41059-U .o68 -.. 88,000
357 A 4201OT-25 .080 110,000 90,000
343 A 30676T-8 .100 L ------ 86,000
343 A 30676T-8 .100T .... 85,000

*L - Longitudinal direction
T - Transverse direction

WADO TR 55-164 37
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ULTIMATE STRENGTH
ROOM TEMPERATURE

LONGITUDINAL3
13d37 37 3'aS3 4 l -s IPs5TIsT
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STRESS 1000 LBS

YIELD STRENGIN
ROOM TEMPERATURE3
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353 274~
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r3"7! 13136 13771354l134 3 I  1374~l3sl ? [349,
1 3411 5 120 130 140 150
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FIG. 21 - COMPARISON OF ROOM TEMPERATURE AND ELEVATED

TEMPERATURE PROPERTIES OF FIFTEEN HEATS OF RC-130-A

TITANIUM ALLOY ON THE BASIS OF INCREASING ROOM TEMPER-

ATURE YIELD STRENGTH.
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TEMPERATURE ON THE BASIS OF INCREASING
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